Abstract: Prolactin (PRL) has numerous physiological functions that are mediated by its receptors in target cells. Expression of the rat PRL receptor (PRLR) gene is regulated in a tissue-specific manner via the transcriptional activation of five distinct first exons, i.e., E1 1 , E1 2 , E1 3 , E1 4 , and E1 5 . In the present study, we investigated the expression profiles of these first exon variants of PRLR mRNA in the rat choroid plexus, which is considered to be a site of receptor-mediated PRL transport from the blood to cerebrospinal fluid. Real-time PCR analysis revealed that E1 3 -, E1 4 -, and E1 5 -PRLR mRNA expression levels increased in the choroid plexus in male and female rats during postnatal development, with markedly higher level of E1 4 -PRLR mRNA. In female rats, the E1 4 -PRLR mRNA expression levels increased markedly during lactation compared with the diestrus state, whereas there was no increase in the E1 3 -and E1 5 -PRLR mRNA levels. The E1 4 -PRLR mRNA expression pattern was similar to that of the total PRLR mRNA. The PRL plasma concentration generally correlated with the E1 4 -PRLR mRNA expression levels in both sexes. These findings suggest that PRLR gene expression in the choroid plexus is upregulated mainly via the transcriptional activation of the E1 4 -first exon.
Introduction
Prolactin (PrL) is an anterior pituitary hormone with numerous physiological functions. in the brain, PrL participates in the regulation of maternal behavior, stress tolerance, food intake, and sexual behavior [5, 14] . all of these PrL functions are mediated by the PrL receptor (PrLr). Expression of the PRLR gene has been observed in various mammalian brain regions, but the highest expression level is found in the choroid plexus [6-9, 12, 15, 25, 29] . PrL is known to be transported from the blood to the cerebrospinal fluid (CSF) via a PrLr-mediated system in the choroid plexus [37] , and PrL enhances its own uptake in the choroid plexus [21] . Many studies have reported an increase in PRLR mrNa levels in the choroid plexus during lactation that correlate with plasma PrL level increases [1, 2, 13, 24, 27, 30, 31, 33] . These findings suggest that regulation of PRLR expression in the choroid plexus is critical for PrL action in the brain. in mammals, PRLR gene expression is regulated via the transcriptional activation of multiple alternative first exons that encode 5'-untranslated regions. Five first exons have been identified in the rat PRLR gene, i.e., E1 1 , E1 2 , E1 3 , E1 4 , and E1 5 [16, 22, 34, 35] . the E1 1 variant of PRLR mRNA is expressed specifically in gonadal tissues [17] , whereas the E1 2 variant is transcribed in the liver and kidney [22, 35] . the E1 3 variant is expressed generically in a wide range of tissues [18] , whereas the E1 4 variant is expressed preferentially in the cerebrum, including the choroid plexus [27, 34] . the E1 5 variant is transcribed in the brain, liver, and kidney [35] . Previously, we showed that PrLr gene expression in the rat cerebrum increased during lactation in female rats while the postnatal development of male and female rats depended on the transcriptional activation of E1 4 [20, 34] . it is known that the plasma PrL level increases during the postnatal development of female and male rats [26, 28] and that PrL stimulates maternal-like behavior during the juvenile period [19] . However, the PRLR gene expression regulatory mechanisms in the choroid plexus during postnatal development and lactation have not been fully elucidated.
in the present study, to comprehend the PRLR gene expression regulatory mechanisms in the choroid plexus, we examined the expression levels of PRLR mRNA first exon variants in the rat choroid plexus during postnatal development and lactation, together with the plasma PrL concentration.
Materials and Methods

Animals
Wistar-imamichi rats were purchased from the institute for animal reproduction (ibaraki, Japan) and housed under controlled temperature (22°C) and lighting conditions (12/12 h light/dark cycles; the lights were turned on at 0700). Food and water were provided to the rats ad libitum. the occurrence of the estrous cycle was determined by vaginal smears of the rats. the animals were sacrificed by decapitation, and the choroid plexus was carefully isolated from the lateral ventricles of the cerebrum with a pair of micro forceps under a stereoscopic microscope. these procedures were conducted in accordance with the provisions for animal welfare of the Nippon Veterinary and Life science University.
RNA isolation
total rNa was extracted from the choroid plexus using triPure isolation reagent (roche Diagnostics, tokyo, Japan) according to the manufacturer's instructions. the rNa concentration was determined using a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Yokohama, Japan).
Real-time PCR analysis
total rNa (2.5 µg) was reverse transcribed at 50°C for 60 min in 12.5 µl of reaction mixture containing 0.125 units of superscript iii transcriptase (invitrogen, tokyo, Japan), 0.5 mM dNtPs, 10 mM dithiothreitol, 50 µM random primers, and 1× first-strand buffer supplied by the manufacturer. after inactivation of the reverse transcriptase by heating at 70°C for 15 min, the cDNA product was subjected to real-time PCR using an Applied Biosystems 7500 Real-Time PCR System (Applied Biosystems, Tokyo, Japan). PCR was carried out using a thermal protocol that comprised 95°C for 15 s and 60°C for 35 s in 25 µl buffer containing 1× Platinum PRL assay the plasma PrL concentration was determined using a SPI-BIO rat prolactin enzyme immunoassay kit (Funakoshi, tokyo, Japan) according to the manufacturer's instructions.
Statistical analysis
statistical analysis was performed by analysis of variance (aNoVa) and a student's t-test using GraphPad Prism version 4 (GraphPad Software, San Diego, CA, Usa). Figure 1 shows a schematic representation of the five alternative first exons in the rat PRLR gene and the first exon variants of PRLR mRNA. All first exons and exon 2 encode 5'-untranslated regions of PRLR mrNa. the E1 4 first exon is located in the downstream region of exon 2; therefore, E1 4 mrNa lacks the exon 2 sequence [34] . a recent study detected the expression of E1 3 -, E1 4 -, and E1 5 -PRLR mrNas, but not E1 1 -and E1 2 -PRLR mrNas, in the rat choroid plexus [27] . therefore, the current study used real-time PCR to evaluate the expression levels of the E1 3 -PRLR, E1 4 -PRLR, E1 5 -PRLR, and total PRLR mRNAs. Figure 2 shows the expression levels of these PRLR mrNas during postnatal development (2, 4, and 8 weeks of age) of male rats. the E1 3 -PRLR mRNA level increased significantly from 2 to 8 weeks of age (Fig. 2a) . The E1 4 -PRLR mrNa level increased greatly throughout development (Fig. 2b) . The E1 5 -PRLR mrNa level increased slightly from 4 to 8 weeks of age (Fig. 2c ). The total PRLR mrNa level increased markedly at 2-4 weeks of age and tended to increase from 4 to 8 weeks of age (Fig. 2d) . The plasma PRL concentration increased markedly throughout development (Fig. 2e) . Figure 3 shows changes in the expression levels of the first exon variants of PRLR mrNas in the choroid plexus of female rats during postnatal development. the E1 3 -PRLR mRNA level increased significantly from 2 to 4 and 8 weeks of age (Fig. 3a) . The E1 4 -PRLR mrNa level increased markedly throughout development (Fig.  3b) , as observed in male rats. the E1 5 -PRLR mrNa level increased significantly from 4 to 8 weeks of age (Fig. 3c) . The total PRLR mrNa also increased throughout development (Fig. 3d) . The plasma PRL concentration tended to increase from 2 to 4 weeks of age and was significantly higher at 8 weeks of age compared with that at 2 weeks of age.
Results
Expression levels of the first exon variants of PRLR mRNAs in the choroid plexus and the plasma PRL concentration in male rats during postnatal development
Expression levels of the first exon variants of PRLR mRNAs in the choroid plexus and the plasma PRL concentration of female rats during postnatal development
Expression levels of the first exon variants of PRLR mRNAs in the choroid plexus and the plasma PRL concentration of diestrus and lactating rats
the E1 4 -PRLR and total PRLR mrNa expression levels were much higher on day 3 of lactation compared with the diestrus state ( Fig. 4b and 4d) . the E1 3 -PRLR mrNa level did not differ between the two physiologi- cal states (Fig. 4a) , whereas the E1 5 -PRLR mrNa level was slightly lower in the lactation state (Fig. 4c) . The plasma PrL concentration of lactating rats was markedly higher than that of the diestrus rats (Fig. 4e) .
Discussion
PRLR mrNa has been detected in various regions of rat brains, and the highest level was found in the choroid plexus using in situ hybridization analyses [6-9, 12, 15, 25, 29] . recently, it was reported that E1 3 -, E1 4 -, and E1 5 -PRLR mrNas were detected in the choroid plexus by RT-PCR analysis, whereas E1 1 -and E1 2 -PRLR were not [27] . in the present study, we found that the expression level of E1 4 -PRLR mrNa in the choroid plexus increased markedly and it correlated with the total PRLR mrNa during the postnatal development of male and female rats. the E1 3 -and E1 5 -PRLR mrNa expression levels also increased to a lesser extent during the development of both sexes. these results suggest that developmental changes in PRLR gene expression in the choroid plexus are regulated mainly via transcriptional activation of the E1 4 -first exon.
the plasma PrL level is known to increase during the postnatal development of female and male rats [26, 28] . in the present study, the plasma PrL concentration increased during development in the juvenile period (2-4 weeks of age) of both sexes. it is known that juvenile rats at 3 to 4 weeks old display maternal-like behavior, with males displaying this behavior more quickly than females, and that PrL stimulates the maternal-like behavior during the juvenile period in both sexes [19] . the concomitant increase in PRLR mrNa expression in the choroid plexus and the plasma PrL concentration during juvenile development suggests that PrLr in the choroid plexus enhances the PrL effect on the induction of maternal-like behavior in juvenile rats. Previously, it was demonstrated that the PRLR mrNa expression level increases to its highest level during lactation in the rat choroid plexus [1, 2] and is accompanied by an elevated blood PrL level [2, 13] . in our present study, it was observed that the total PRLR and E1 4 -PRLR mrNa levels were much higher on day 3 of lactation compared with in the diestrus state, whereas the E1 3 and E1 5 levels were not increased. the plasma PrL concentration also showed a marked increase. these findings suggest that PRLR gene expression in the choroid plexus is upregulated via the transcriptional activation of the E1 4 first exon during postnatal development and lactation.
in mammals, long and short forms of PrLr differing in the length and sequences of their cytoplasmic domains are generated by alternative splicing of the last exon of the PRLR gene [11, 23, 32, 36] . the long-form PrLr is known to be involved in most of the PrL functions mediated by the Jak2/stat5 (janus kinase 2/signal transducer and activator of transduction 5) intracellular signaling pathway [5, 10, 14] , whereas the function and intracellular signaling system of the short-form PrLr is poorly understood. in the rat choroid plexus, the expression of the long-and short-form PRLR mrNas has been observed [3, 4, 15, 27, 30] . the molecular mechanisms of transcriptional activation of the E1 4 first exon, and the transport system of PrL mediated by long-or short-form PrLr in the choroid plexus remain to be elucidated. 
